The response of the periodontal membrane to reimplanted teeth carrying amalgam restorations in the middle third of their roots was studied from seven days to six months after grafting. The study revealed that the amalgam restorations produced an initial localized inflammation in the periodontal tissues that subsided subsequently with the formation of a pseudocapsule.
Numerous histologic investigations have been done in the past to study the biological reactions to experimental dental amalgams.'-'5) Dixon and Rickert' implanted amalgam pellets into the subcutaneous connective and muscle tissues of rabbits and reported that the amalgam caused an active chronic inflammation of the adjacent tissues. However, Mitchell,2 in a study using rats, showed that amalgam prompted a moderate degree of inflammation in the early specimens which gradually changed to mild. He considered this moderate reaction as being of nonclinical importance. In subsequent similar studies, Feldmann and Nyborg3 as well as Nagai and Imazeki4 working with rabbits, and Sperber5 in rats confirmed Mitchell's findings. The reaction to amalgam was also studied histologically on the palatal mucosa, 7 on mandibular bone,8 on gingiva, [9] [10] [11] and on dental pulp. 12-1-5 However, a review of the dental literature has not revealed a histologic study of the effects of silver amalgam upon the periodontal membrane. The present study attempts to evaluate the periodontal membrane reaction to amalgam restorations. It involves a histopathologic evaluation of the periodontal membrane of in tentionally reimplauted teeth carrying amalgaul restorations in the middle third of their roots, by using the same experimental model that was successfully applied to study the effects of acrylic restorations on the periodontal membrane of monkeys.16,17
Materials and Methods
Eight healthy male rhesus monkeys (Macaca mulatta) were used for this study. All the monkeys were adults and were approximately the same size and weight. The monkeys were given Purina Monkey Chow* and water ad libitum before and duringthe experimental period. A step-by-step sequence of the methods tssed for tooth reimplantation was reported previously from this laboratory.'6 Briefly, after extraction, the left maxillary central incisors were treated endodontically with zinc oxideeugenol paste and gutta percha points. Subsequently, in these treated teeth, cavities were prepared and filled with conventional amalgam. The cavities were placed on both the distal and the mesial aspects of the roots approximately half way between the cementoenamel junction and the apex. The cavities were prepared with a 588 carbide bur and were made approximately 3 mm in diameter and 2 mm deep. No further attempt was made to smooth the walls of the cavities. They were packed with amalgam using New True Dentalloyt with a 1: 1 mercury-alloy ratio. Each (Mallory's staitn; orig mia-X 450.) arni.al-ant tnas xNas clixivled inito 5 partis. Thi x xx etc packed one tit a tim-elC startitig xw ih the smiall etitd oif thec Elames #1 pltigcr, atlnd finishing xt Oh the laroe ecnd of the Eanies #2 Plutffar. N staitnless steel Watd's C Cair-ver as tisecl to carx e the fillings. Fotir incr-emiienlts xere r seld to fill the cax-it), wxhich lNvxxas dotnc in less tflatn 3 riuin frotni thle beginning of the iti-i ttration to the carvincg of the fillings. The teeth xvxre iMonlediately reinljlanted. Earcl toOtlh xx.ls at iimost t hotur ollt of its socket. Inimolbilization of the tootlih xx.sachiex cd bv cotntttiug ra comtnttrt nit-tal inlay ittto previcItsl}V prepared caxvitins both int the rio,ht llcd left Cetitral incisots. The itotikeys recei'ved a dally doses of 100 mg of Cosa Terramycin § dis- Vrol. 56 Nro. 9 NASILETI, CASTELLI & CAFFESSE 60-day specimens. However, a better organized pseudocapsule was the consistent finding, with no inflammatory evidence in the tissues.
It was noted that no inflaminatory cells were present within the confines of the periodontal membrane in areas coronally and apically to the amalgam restorations in 7to 180day specimens. In general, the healing of the reimplanted teeth in those areas followed a pattern similar to that previously described. 18 The marginal tissues reattached to the teeth in seven days. The connective tissues fibers were restored in fifteen days, attaching to cementum, but without displaying their normal arrangement and maturity. Complete maturity was only seen in the six-month specimens. At this time, new cementum and bone were deposited that covered areas of previous resorption, and no areas of ankylosis were found.
Discussion
The healing process of the periodontal membrane, as a result of reimplantation surgery, was uneventful and coincided with sequential stages already described. [16] [17] [18] However, the area of the periodontal membrane adjacent to the amalgam restoration reacted in a different manner. The balanced biological substrate of the membrane was disrupted by the reactive capacity of the amalgam to produce the sequential inflammatory processes that culminated in the formation of a pseudocapsule. The reactivity of the amalgam was not intense enough to produce necrosis of the membrane, but was able to produce vascular and cellular responses that were still present in the 30-day specimens. Comparing the healing process with that which followed the reimplantation of a tooth,18 a delay of approximately two weeks was observed. The sequential stages of the periodontal membrane response to an amalgam restoration indicated that: (1) an acute inflammatory reaction developed in seven days;
(2) this reaction changed to a chronic inflammatory process with the formation of a pseudocapsule in 30 days; and (3) there was no evidence of inflammatory filtration in the pseudocapsule or in the adjacent tissues in 60to 180day specimens.
In this study, as well as in previous studies," 5X8 the presence of well-defined pseudocapsules in the periodontium of 60to 180-day specimens is a good indication that the periodontal membrane cannot endure the influence of the silver amalgam and regain total nor-malcy until the inflammatory response to the filling has subsided. The pseudocapsule is necessary to assure the isolation of the amalgam restoration, and thus, to preserve the regained equilibrium of the internal medium in those tissues.
Regarding the reaction of gingival tissues to amalgam restorations, the general concensus since the classical study by Zander9 is that this filling material, as well as any other restorative plastic material, elicits a chronic inflammatory response. This response is similar to that observed as a response to calculus.10 However, it seems to be the plaque retentive ability of the amalgam, the factor that governs the gingival inflammatory response. Barryckman and Wa-wverka1l studied the effects of amalgam on the gingiva of germ-free and conventional Fisher 344 rats, and demonstrated that amalgam per se did not cause inflammation in the cerm-free animals, while the bacterial plaque accumulated on the amalgam restorations of the conventional animals elicited the inflammatory gingival response.
Inivestigating the indirect effect of amalgam restorations on the pulp, Manleyl2 and Massler'3 concluded that this material produced temporary changes in the odontoblastic layer and a round cell infiltration in the adjacent tissues. These same histopathological findings have been interpreted in a different manner by other authorsl4,15 who, through independent studies, found that it was either the force of compressing the amalgam into the cavity or the thermal conductive capacity of the material, that provoked the response of the pulp tissues.
From the above considerations, it seems reasonable to agree that in the absence of bacteria, silver amalgam is a safe restorative material, well tolerated by the surrounding tissues. Thus, in cases of retrograde restorations, silver amalgam will produce an initial localized inflammation in the periodontal tissues that subsides subsequently. A fibrous capsule will be formed bonding the restoration, with healthy periodontal tissues. The apparent condition required for the formation of a pseudocapsule is that the silver amalgam needs to be embedded in a tissue or be in direct contact with the internal medium.
The reason for the delayed healing of the periodontal tissues in contact with the amalgam compared to the healing of other areas of the reimplanted tooth is open to speculation. It is possible the internal medium had oxidized the alloy to produce a chemical compound that might be toxic to the periodontal tissues. Conversely, it has been postulated that different alloy-to-mercury ratios are capable of producing different tissue changes on the palatal mucosa of the rat.6,7
Conclusions
The purpose of the present study was to evaluate the histopathological response of the periodontal membrane of intentionally reimplanted teeth carrying silver amalgam restorations in the middle third of their roots. Eight adult, healthy male rhesus monkeys were used. In each monkey, the left maxillary central incisor was extracted and endodontically treated. Cavities were prepared on the mesial and distal middle third of the roots, then filled with conventional amalgam. Subsequently, the teeth were immediately reimplanted. The monkeys were sacrificed postoperatively at 7, 15, 30, 60, 90, 120, 150, and 180 days. The maxillary incisors with the surrounding bone and soft tissues were prepared for histopathological examination.
The healing process of the periodontal membrane, as a result of reimplantation, was uneventful and coincided with sequential stages already described in the literature. [16] [17] [18] The periodontal membrane response to the amalgam restorations showed that: (1) an acute inflammatorv reaction developed in seven days;
(2) this reaction changed to a chronic inflammatory process with the formation of a pseudocapsule in 30 days; and (3) there was no evidence of inflammatory infiltration in the pseudocapsule or in the adjacent tissues in 60to 180-day specimens.
It was concluded that conventional amalgam is a safe restorative material, well tolerated by the surrounding periodontal tissues.
